many more entities were described clinically, but until recent years no fundamental common denominator was suspected. Significant contributions which went beyond mere clinical and morphological recognition were made after 1930 . The studies of Rich and Gregory,1 confirming older observations that vascular changes resembling polyangiitis can be produced experimentally by foreign proteins and allergens, have become common knowledge.
Much investigative work has been carried out to apply this concept to all the other entities in this category. These attempts have met with success or failure depending on the type of disease investigated. Even more fruitful was the concept proposed by Klemperer and co-workersx2 that these diseases primarily involve the connective tissue structures. The latter then would react like an organ system. Due to the diffuseness of mesenchymal tissue the manifestations would be protean. This important concept provided a great stimulus to research concerning the physiology, histochemistry and physical properties of connective tissues. An intensive search for abnormalities in these respects has been carried out by numerous investigators with the result that many Aided by United States Public Health Grant No. 258 (C2). 903 features common to the various diseases were observed. The term "collagen disease" was coined, is in general use, and will be applied in this presentation, although actually there is no justification to assume that the collagen fiber is the only structure involved. Connective tissues consist of cells, fixed and migrating, fibroblasts, mast cells, histiocytes, lymphoid elements and plasma cells. These cells are embedded in a plastic matrix consisting of an amorphous mass and a meshwork of minute fibrils discernible only with the electron microscope. The amorphous element, commonly known as ground substance, is composed of mucopolysaccharides and mucoproteins, the chemistry of which has been recognized to some extent.3' 45 Within this matrix larger fibrils are arranged in strands forming fibers. The latter are fairly well defined chemically and physically and are divided into three groups called collagen, reticulum and elastic fibers. The extensive work delineating these structures has been reviewed recently.6'7 It would appear that the ground substance is elaborated by the connective tissue cells and is in equilibrium with the plasma.8 The fibers probably originate from the ground substance. Hence it seems impossible for one element to undergo a change without assuming that all the elements must have suffered. Inasmuch as the connective tissue forms an intimate part of the blood vessels and the basement membranes and is present in every organ of the body, by necessity, the function of most organs will be profoundly influenced by the state of the connective tissue. For these reasons, the term collagen disease is C94I IICAL PROGRESS inadequate. Similar concepts have been clearly expressed by Lyman Duff.9 The cardinal pathologic changes occurring in the connective tissue have been repeatedly reviewed.10 Fibrinoid degeneration, changes in the ground substance and in fiber formation and inflammatory reactions are commonly encountered in all these diseases. It must be clearly stated that in spite of a similarity of the morphologic features, clinically these diseases stand out as separate entities, although overlapping is commonly observed. This will be brought out in the subsequent discussion of the various entities.
Most authors have included rheumatic fever, rheumatoid arthritis, systemic lupus erythematosus, necrotizing angiitis, progressive systemic sclerosis (scleroderma), dermatomyositis and serum sickness into the category of the collagen diseases. AMore recently the addition of thrombotic thrombocytopenic purpura has been suggested. Other diseases have been also associated with a primary derangement of the mesenchyme, however insufficient evidence exists to wsarrant their inclusion into this group.
The cardiovascular system is involved to a varying degree in all of these diseases. In fact, clinically, cardiovascular manifestations may predominate in some. The purpose of this review is to compile information on such manifestations of collagen diseases and evaluate their significance. Rheumatic fever, uncomplicated rheumatoid arthritis, and thrombotic thrombocytopenic purpura will be omitted from these discussions.
SYSTEMIC LuPus ERYTHEMATOSUS
With the accumulation of our knowledge of systemic lupus erythematosus and particularly the advent of a rather specific test, namely the LE cell preparation, it has become apparent that this disorder may actually last for months or years before cardiovascular manifestations become clinically discernible. At The pathology of the cardiovascular manifestations briefly is as follows:
(1) The arteries and arterioles of almost any organ of the body may undergo sutbenidothelial fibrinoid necrosis with proliferation of fibroblasts, but relatively little inflaminatory reaction. The fibrinoid change can extend throughout the entire vascular wall. Actual occlusion of the lumen by thromnbosis is rare but swelling of the vessel wall may cause narrowing of the lumen and impairment of the blood flow. In some organs like the spleen and the kidney, the vascular pathology assumes certain characteristic features. These are sclerosis of the collagen fibers around central and peniicilliary arteries of the spleen and the wireloop appearance of the glomnerular arterioles. The latter lesions may prece(le the development of a glomertilonephritis.' 5 The generalized arteritis shows featumes common with other diseases involving coiinective tissues and their specificity has been challenged.
(2) There is usually invx-olvemiient of the pericardium and epicardium characterized by fibrinoid necrosis which may involve large portions of these membranes.
(3) The myocardiumiii is involved by) a fil)riiioid necrosis of the supportive structures and blood vessels leading to secondary, degeneration of the muscle fibers and focal fibrosis. Only recently Zeek22 contributed to a clarification of the diverse pathologic clinical picture by emphasizing that necrotizing angiitis is not a uniform disease. According to her studies there are at least five different groups, more or less sharply defined, into which the majority of these conditions would fall. These are: (1) hypersensitivity angiitis, (2) allergic granulomatous angiitis, (3) rheumatic arteritis, (4) periarteritis nodosa and (5) temporal arteritis.
The term necrotizing angiitis is applied to the lesion which is common to all these groups. It consists of focal fibrinoid necrosis and inflammatory reaction in the vessel wall. Arteries and veins of any caliber may be involved. In the hypersensitivity angiitis, which occurs in response to foreign protein and drugs, such as sulfonamides, small arteries, arterioles, venules and capillaries are affected. The most common sites of the process are the kidneys and the heart. In contrast to periarteritis, involvement of the pulmonary vessels and splenic follicular arterioles is also common. The lesions appear usually to be of the same age. They start as a fibrinoid necrosis in the subendothelial ground substance, spreading towards the periphery and accompanied by cellular infiltration of the vascular wall and the surrounding tissues. Eosinophils are commonly present. Necrotizing glomerulitis is a frequent finding.
Hypersensitivity angiitis is difficult to diagnose clinically because of its frequent association with other diseases, for which the sensitizing agent was given. Aside from foreign proteins and sulfonamides, other drugs, such as propylthiouracil, iodine and dilantin, have caused the vascular reaction. The course is rapid and frequently fatal. Inasmuch as the diagnosis is usually made at necropsy, it is difficult to say whether milder forms with reversible lesions occur. The arteries of the skeletal muscles are usually not involved, and muscle biopsy is usually of little diagnostic help. Fever is always present and petechial and urticarial rashes are frequent. Nephritis with hematuria and azotemia is the prominent feature. Cardiac manifestations such as congestive failure occur and may be due to multiple miliary infarcts in the myocardiuimi.
CARDI)IOVASCULAR MANIFESTATIONS OF COLLAGEN I)ISEASES
The allergic grantldomatous angiitis as described by Churg and Strauss23 is associated wiith asthma and eosinophilia. Extravascular lesiotis occur coiisisting of nodular graniulomata with giant cell production and fibrinoid collagen degeneration in the nodules. The distribution of the vascular lesions resembles that seen in hypersensitivity angiitis. However, here, the lesions are of various ages and there is more abundant eosinophilic infiltration. In addition involvement of the mesenteric vessels with aneurysm formation is common.
Clinically, the allergic granulomatous type of necrotizing anigiitis is characterized by the appearance of multiple organ system involvemeint, resulting from vascular occlusion and subsequent infarction in individuals who have previously demonstrated asthma, fever and eosinophilia. Peripheral neuropathy, hypertension, and azotemia are common. Skin involvement consisting of subcutaneous nodules affords biopsy verification of the diagnosis of allergic granuloma. Death is usually due to cardiac failure, cerebral hemorrhage or uremia.
Arteritis occurring in association with rheumatic fever and carditis (rheuimatic arteritis) has been studied by Friedberg and Gross.20 Small arteries and occasional veins are involved and the lung and heart are common sites of the lesions. Mlesenteric vessels are also affected, but less commonly so. Aschoff bodies are seen in the myocardium and characteristic valvular lesions Occur.
The clinical picture of rheumatic angiitis is dominated by the course of a fulminating rheumatic fever. Apart from the pancarditis and the joint manifestations, certain features will lead to the consideration of a generalized vascular involvement. Abdominal pain, at times severe enough to lead to laparotomy, has been described in this entity due to arteritis of the mesenteric vessels. Renal involvement with albluminuria and hematuria may occur.
True periarteritis nodosa is the most common form of necrotizing angiitis. The small and medium sized arteries (coronary, mesenteric, renal and muscular) are most commonly involved. The The three tracings shown are representative examples of the variety of frequently recurring and rapidly subsiding alterations observed in this patient over a period of four years in 28 electrocardiograms. In record A, the T waves are flat throughout and inverted in leads II, III and V2. In record B, the T wave is small and upright in lead I, indiscernible in lead II, more inverted in lead V2; and in lead V5, S-T is depressed and T is small and diphasic. In record C, the ventricular complexes have a normal configuration but the P-R has lengthened to 0.20 second. While myocardial involvement in the course of the vascular disease seems certain the type of lesions could not be specified as in figures 1, 2 and 3, due to the lack of development of a definite pattern and the frequent periods of restitution between abnormal tracings.
clinical picture, the electrocardiogram will show the usual pattern of chronic left heart strain, or one modified by the associated disturbance of the electrolyte balance. The electrocardiogram, while reflecting the involvement of the myocardium by the systemic disease, does not provide means to differentiate the various collagen diseases.
Temporal arteritis seems to be usually restricted to the cranial arteries, although Harrison27 in reviewing the literature on this subject has described evidence of dissemination. Histologically, the lesion is characterized by predominance of nodules of granulomatous inflammation surrounded by inflammatory cells and foreign body giant cells. Associated with this is the fibrinoid necrosis in the involved vessel wall.
The (CoLAIl,',KN 1) ,ixek t i ketilii (gf skill (1) inivolvemenit, massive replacement of the myocardium by connective tissues, patterns of heart strain and of myocardial infarction can be observed. In figure 5 the progressive character of the disease and the sequence of organ involvement seem to be brought out by the sequence of alterations in serial electrocardiograms.
The degeneration of myocardial fibers explains the transitory benefit of the usual cardiac therapy wheni failure occurs. Pulmonary complicationis present a further obstacle to effective maniagemeint. The course is progressively downhill.
In summary, the outstanding pathology in progressive systemic sclerosis involves excessive formation of collagen which replaces vast areas of the connective tissues. This characterizes the disease clinically. Parallel with this change, extensivie vascular maniifestations occur which often play a major role in the clinical picture. Inasmuch as both phases of this conditionl occur simultaneously it is difficult to recognize which one, the vascular or the sclerotic component, occurs first. However, the extent of the sclerosis inl certain areas is of such degree that it cannot be accounted for by the accompanying vascular involvemenit which may be minimal. Similar considerations apply to the myocardium in which the sclerosis may actually replace the cardiac muscle. The involvement of the myocardial arteries and arterioles is of minor importance. Certain similarities exist clinically and pathologically between this condition and dermatomyositis. Even histologic patterns may be very similar.
The main lead to the differentiation of both these conditions will be the extensive collagen changes ill progressive systemic sclerosis verstis the skeletal muscle inv-olv-eimenit ill derlinatomyositis. Although both alterations may occur in either one of the diseases, the extent and the degree will be the determining factor ill the differentiation of the two. 42 43 44 Vascular changes consist ill fibrinoid necrosis and deposition of hyalinized material in the media of the arteerioles.42 46 Occasionally, deposits within the vascular lumneni, suggesting platelet clusters, are also seen. In a case observed by us, platelet thrombi were seen in small myocardial vessels. Inflammatory reactions of the vessels are scanty but vascular CARI)IOVASCUTLAR MANIFESTATIONS OF COLLAGEN DISEASEiS occlusion can occur. These latter changes have been described in the arterioles of small caliber supplying the striated muscles, the myocardium and the submucosal vessels of the esophagus, small intestine and rectum. In rare cases these vascular changes have led to necrosis and ulceration in the intestine with bleeding. The same vascular changes have been observed in the peri-adrenal fat. 44 Histologic alterations have been described in all the elements of myocardium. The muscle fibers show fragmentation, loss of striation and vacuolization. The nuclei are irregular in size and shape. These changes may be focal or more diffuse. The interstitial tissue shows swelling, edema, and occasionally inflammatory infiltrates. The small vessels may show involvement as described above. The epicardium may contain some dense staining collagen. In summary, dermatomnyositis cost itutes a process ill which the lesion of the skeletal muscle and the skin predomniniates. However, involvement of the oeneral miiesenichymnal structures and disseminated vascular as well as myocardial lesions are also iinportant features of the disease. The general muscular degeneration is not the result of the vascular process. It appears that in this disease the muscle as well as the connective tissues react to some causative factor, which remains unknown. Although dermatomyositis is a clinical entity, overlapping, particularly with progressive systemic sclerosis, exists. The resemblance to systemic lupus erythematosus is superficial.
DERI.-MATOMYOSITIS
THE SERUM SICKNESS SYNDROME Serum sickness and related reactions due to other foreign proteins have been included in discussions of collagen diseases. Generalized involvement of the mesenchyme and in particular of the cardiovascular apparatus was found to follow massive injections of these agents. The experimental pathology of such lesions has been studied by Ehrich.10 fig. (SA and B) . It is of interest that other observers have described periarteritis occurring under hormone therapy inl patients with rheumatoid arthritis of years duration . 4 Furthermore, it has beeti showii that withdrawal or reduction of cortisone after pro-longed therapy may be followed by extensive angiitis. 55 Experimental evidence exists that cortisone has a profound influence upon vascular responses. Actual reduction of blood flow through sites of inflammatory tissue has been demonstrated following the administration of cortisone or ACTH. A permissive action of the steroids upon vasoconstriction by nor-adrenaline was described.56 Reduction of the number of capillaries in granulation tissue has been repeatedly demonstrated57 and an alteration of the course of newly formed capillaries in such tissues was described.58 Aggravation of the first stage of the Schwarzman phenomenon by cortisone was reported.59 All these observations indicate that the action of corticosteroids upon the vessels is a complex but definite one. Although one form of experimental angiitis may be inhibited by cortisone, it is conceivable that the same steroid may exert an unfavorable effect upon the vasculature under circumstances poorly understood.
The effect of corticosteroid therapy upon cardiovascular manifestations in progressive systemic sclerosis has been questionable. The
Raynaud syndrome was not benefitted in any of the cases observed by us. There is little information concerning the effect upon cardiac complications. In our experience there was no improvement. One, at best temporary, response to corticotropin was reported. 60 The influence upon the renal vessels may be unfavorable. In several instances the occurrence of severe hypertension and azotemia has been reported.61' 62 O'Leary and Erickson63 have even stated that for this reason steroid therapy is contraindicated in this condition. However, the prognosis of heart failure due to progressive systemic sclerosis is so poor that a trial with steroid therapy seems warranted. The newer steroids which have less salt retaining effect may be of greater value.
In dermatomyositis there may be a favorable effect on the general symptomatology but insufficient information exists concerning the effect upon cardiovascular manifestations.
In serum sickness which, as was stated before, is a self-limited disease, the course may be considerably shortened by steroid therapy. Electrocardiographic evidence of myocardial involvement should be an indication for a prompt initiation of treatment. In one case, observed by us, there seemed to be a rapid disappearance of a grade 3 systolic murmur, which occurred early in the course of a penicillin reaction.
CONCLUDING REMARKS Involvement of the heart and blood vessels in collagen diseases is extensive and represents an integral part of the disease process which affects connective tissue structures as a whole. Striated muscle and the myocardium may participate in the pathological reactions and must therefore be included in the considerations of these disease processes. It is mainly on the basis of the clinical picture that the differentiation of the various syndromes can be made. The pathology shows many overlapping features.
Our knowledge of the etiologic agents and mechanisms causing the various disease entities is inadequate. Attempts to understand biochemical and functional alterations of the tissues involved and to correlate them with the structural changes have been made only quite recently. So far these newer approaches have shown most rewarding results. At least in systemic lupus erythematosus and in some types of polyangiitis, processes have been recognized which go beyond pure morphologic description. In the former, they have led to the recognition of the LE cell phenomenon which, apart from its most important theoretic significance, has permitted the identification of the disease by a laboratory method which is nearly specific. The latter syndrome has been reproduced in experimental animals and is thus open to further investigation of its dynamics.
One of the unsolved problems in this disease group is concerned with the factors which maintain the pathologic process for a number of years and render it self-perpetuating. So far, experimental work has been able to reproduce some of the characteristic features but has not succeeded in inducing their progression, as can be observed clinically. This The recognition of such early changes would enhance our understanding of the processes which have been discussed above.
